INTRODUCTION {#S1}
============

Pancreatic ductal adenocarcinoma is the 4^th^ leading cause of cancer death in the United States. In 2010, it is estimated that 43,140 Americans will be diagnosed with pancreatic cancer [@R1] and only about 4% will live 5 years after diagnosis. One important reason for this poor survival is that approximately 85% of patients present with advanced unresectable disease [@R2]. Furthermore, pancreatic cancer remains unresponsive to most chemotherapeutic agents. Hence, there is a great need to understand the biological mechanisms that contribute to pancreatic cancer development and progression. Survival is better for patients with pancreatic cancers localized to the pancreas, as surgical resection at present offers the only chance of cure. For patients with resectable ductal adenocarcinoma of the pancreatic head, the average 5-year overall survival is approximately 20--25% [@R3]. Clinicopathological parameters provide important prognostic information. The presence of positive resection margins, poor tumor differentiation, large tumor, and positive lymph nodes all portend a worse prognosis [@R3],[@R4].

Several molecular markers are also independently associated with outcome among patients who undergo pancreaticoduodenectomy for pancreatic cancer. Among the common somatic genetic alterations, including activating point mutations in the *KRAS* (*KRAS2*) oncogene and inactivating mutations of *CDKN2A, TP53*, and *DPC4/SMAD4* tumor suppressor genes, only the presence of *SMAD4* mutations and loss of Smad4 protein (an accurate marker of *SMAD4* mutation) has been shown to be associated with an adverse outcome [@R5],[@R6].

Gene silencing by DNA methylation (including *CDKN2A, SPARC, RELN, TFPI2* and numerous others) also contributes to the development and progression of pancreatic cancer [@R7]--[@R13],[@R14]--[@R16], although these methylated genes have not been shown to be independent predictors of outcome. In contrast, Sparc expression in pancreatic cancer associated fibroblasts does portend an adverse outcome and Sparc expression is being evaluated to determine if it predicts response to albumin-bound Paclitael (Abraxane) therapy [@R17]. Similarly, loss of *BNIP3* expression, a gene commonly methylated in pancreatic cancers has been shown to predict responsiveness to gemcitabine therapy [@R18],[@R19].

One gene that undergoes genetic and epigenetic inactivation in pancreatic and other cancers and is associated with poor outcome in multiple cancer types is *CDH1*. Among pancreatic adenocarcinomas, those with an undifferentiated phenotype have a poor outcome and typically lack e-cadherin expression [@R20],[@R21] and pancreatic adenocarcinomas lacking e-cadherin expression are more likely to be poorly differentiated [@R15],[@R22]--[@R25].

Mutational inactivation (≤5%) [@R26] or complete silencing of *CDH1* by DNA methylation [@R20],[@R27] has been identified only occasionally (\~5%) in xenografts of primary pancreatic cancers and in pancreatic cancer cell lines. *CDH1* expression, however, is also controlled by other epigenetic mechanisms besides DNA methylation including transcriptional repression by *ZEB1*, *SIP1 (ZEB2)*, Snail [@R28], and Slug [@R29]--[@R32] by certain microRNAs (*miR-200* and *miR-205*) that influence levels of the transcriptional repressors of *CDH1*. For example, we recently reported that loss of miR-200 expression and associated SIP1-mediated suppression of *CDH1* occurs in some pancreatic cancer cell lines, but in most pancreatic cancers, *SIP1* is silenced by promoter methylation, and *miR-200a*/ *miR-200b* is hypomethylated and overexpressed, and *CDH1* expression is retained [@R15].

E-cadherin is important for cell-to-cell cohesion, cell-to-cell recognition, and epithelial polarity [@R33]. The extracellular domain of e-cadherin binds to other cadherins from neighboring cells, while the intracellular cytoplasmic tail of e-cadherin interacts with several proteins, such as β-catenin, p120 catenin and Hakai protein [@R33],[@R34]. E-cadherin regulates β-catenin signaling in the canonical Wnt pathway. Free cytosolic β-catenin is regulated by binding of the cytoplasmic domain of e-cadherin or by catenin destruction complexes that includes APC, Axin, GSK3β, and cytokeratin-1 [@R33]. Interestingly, while nuclear β-catenin (and transcriptional activation) is characteristic of the pancreatic variant neoplasm known as solid-pseudopapillary neoplasmas, and can be seen in pancreaticoblastomas, it is not a feature of most pancreatic ductal adenocarcinomas [@R35], and undifferentiated pancreatic adenocarcinomas lacking e-cadherin expression typically also lack nuclear β-catenin expression [@R20].

The adhesive phenotype of a cell can be lost when *CDH1* is down-regulated allowing neoplastic cells to become more mobile [@R36]. Although e-cadherin loss in cancers is often attributed to the induction of an epithelial mesenchymal transition program, [@R28],[@R37],[@R38] there is no little evidence that primary pancreatic cancers undergo phenotypic evidence of true epithelial mesenchymal transition [@R39].

In our prior investigation of undifferentiated pancreatic adenocarcinomas, those with e-cadherin loss had a poorer prognosis [@R20]. In the current study we sought to determine the role of e-cadherin loss as a predictor of outcome in an unselected group of pancreatic ductal adenocarcinomas with usual histology and to determine if such loss is independent of tumor grade and other prognostic factors. Since many of the pancreatic cancers we analyzed had focal areas of tumoral e-cadherin loss involving only a subset of the neoplastic cells, we examined if partial loss of e-cadherin was also an independent predictor of a poor outcome.

METHODS {#S2}
=======

Patients and Tissues {#S3}
--------------------

We retrospectively analyzed 329 patients with resectable infiltrating ductal adenocarcinoma of the pancreas who underwent surgical pancreatic resection at the Johns Hopkins Medical Institutions from January, 1998 to June, 2006. Histologic variants of pancreatic neoplasms, such as adenosquamous carcinomas, colloid carcinomas, medullary carcinomas, undifferentiated adenocarcinomas, intraductal papillary mucinous neoplasms, and mucinous cystic neoplasms, were excluded because of their different natural history to conventional pancreatic ductal adenocarcinomas. Otherwise all patients with available cancer tissues were included.

All clinical and pathologic patient information is maintained in a regularly updated clinical database. Overall tumor differentiation was obtained from the pathology report and defined according to WHO criteria [@R40].

The primary outcome of the study was overall postoperative survival as determined from date of surgical resection to time of death or last follow-up. Date of death was obtained from the Johns Hopkins pathology database. This study was conducted as part of a Johns Hopkins Hospital institutional review board--approved protocol. The manuscript followed REMARK guidelines for reporting on prognostic markers [@R41].

Tissue microarray construction {#S4}
------------------------------

Tissue microarrays were constructed to obtain uniform immunohistochemical labeling of pancreatic tissues and limit intra-assay variation. Tissue microarrays were constructed from the archival formalin-fixed paraffin-embedded tissue blocks of 360 surgically resected primary pancreatic ductal adenocarcinomas as described previously [@R17] using a manual tissue microarrayer (Beecher Instruments, Silver Spring, MD). Four cores (1.5 mm size) were punched from each patient's tumor and non-neoplastic pancreatic tissue into harvested into recipient blocks.

Immunohistochemistry {#S5}
--------------------

Immunohistochemistry was performed at the Johns Hopkins Hospital Department of Pathology Immunohistochemical lab. Briefly, tissue sections were deparaffinized and hydrated in xylene and serial alcohol solutions, respectively. Endogenous peroxidase was blocked by incubation in 3% H~2~O~2~ for 10 min. The antigen retrieval step was carried out in a steam pressure cooker containing preheated high pH antigen retrieval buffer (DakoCytomation, Glostrup, Denmark) at 95C, 20 min. Primary anti-e-cadherin mouse monoclonal antibody (clone ECH-6, Cell Marque, Rocklin, CA) was incubated for 32 min at room temperature and sections were labeled with an automated immunostaining system with a I-View detection kit (Benchmark XT, Ventana medical systems). Immunostained sections were lightly counterstained in with hematoxylin, dehydrated in ethanol, and cleared in xylene. Immunohistochemical labeling was successfully performed on 329 of the 360 pancreatic cancers on the tissue microarrays. The reason some tissues did not immunolabel successfully was because of loss of tissue cores during the sectioning or labeling process. To be included for analysis each cancer had to have sufficient numbers of e-cadherin labeled cells to permit quantification of the % of cells with e-cadherin labeling (more than 100 cancer cells). E-cadherin expression was evaluated primarily according to the percentage of cells that labeled, although we also evaluated if labeling intensity was an important variable. E-cadherin labeling predominates on the cell membranes although there is some cytoplasmic labeling in normal ductal and acinar cells and in most neoplastic cells ([Figure 1A](#F1){ref-type="fig"}). E-cadherin immunolabeling was categorized as absent when the labeling was absent or present in \<5% of cancer cells. Immunolabeling was considered positive for expressing if the intensity was strong (2+) or weak (1+), and if the extent was more than or equal to 5% of cancer cells. The intensity of e-cadherin labeling of tumor cells was compared relative to that of normal ductal and acinar cells ([Figure 1A](#F1){ref-type="fig"}): strong (2+) intensity was assigned if the labeling was similar to that of normal ductal and acinar cells, (1+) intensity if the labeling was weaker. We also counted the proportion of e-cadherin labeled cancer cells of \~100 cancer cells in each tissue microarray core. We classified e-cadherin expression as previously described as "intact" when 100% of cancer cells on the tissue cores labeled ([Figure 1B](#F1){ref-type="fig"}), and arbitrarily into "focal loss" when ≥51% and \<99% of cancer cells labeled, "diffuse loss" when "≥ 6% and ≤50%" of cancer cells labeled and "total loss ([Figure 1D](#F1){ref-type="fig"})", when \<5% of cancer cells labeled [@R16],[@R42]. We did not evaluate other cut-offs of expression percentages. We also combined cases with "focal loss" and "diffuse loss" and categorized them as cases with "partial loss of e-cadherin" ([Figure 1C](#F1){ref-type="fig"}). The immunohistochemical scoring was performed by SMH and MG and scoring was done blinded to any other patient data including outcome.

Statistical Methods {#S6}
-------------------

The sample size was chosen based on our prior experience of the patient sample sizes required for markers to independently predict outcome after pancreaticoduodenectomy for pancreatic cancer [@R17]. Means/standard deviations were compared using the unpaired Student T-test. The chi-square and Fisher exact tests were performed to examine associations between e-cadherin expression and each clinicopathologic factor. Overall patient survival was defined as the time from surgical resection of each patient's pancreatic ductal adenocarcinoma to their death or the date of last follow-up. Survival rates were calculated using the Kaplan-Meier method and statistical significance was evaluated using the log-rank test. The Cox proportional hazards regression models were used to investigate the significance of prognostic factors. A p-value of \<0.05 was considered statistically significant. Statistical analyses were performed using SPSS (v17, Chicago, IL).

RESULTS {#S7}
=======

Patient and Tumor Characteristics {#S8}
---------------------------------

The patient population included 54% men, mean age (±std. deviation) 66.5±10.5 years, with 86% of patients having cancers with lymph node metastasis, 58% of cancers were \>3cm, 94% T3 TNM stage, 44% poor differentiated, 69% margin positive, 51% with microvascular invasion, 93% with perineural invasion. Fifty-three percent of patients underwent adjuvant chemotherapy and/or radiation therapy, most of whom receiving 5-fluorouracil and radiation [@R43]. The follow-up period ranged from 3 to 134 months (median, 21.8 months). The number of events (patient death) was observed in 206 cases (63%). The overall median survival was 16.3 months and 9% of patients were alive after 5 years of follow-up.

E-cadherin expression patterns {#S9}
------------------------------

Of the 329 pancreatic cancers, 141 (43%) showed partial or complete loss of e-cadherin expression. Of these 141 pancreatic cancers, 134 (41%) had partial loss of e-cadherin and 7 (2%) had complete loss of expression. When loss of expression was evident in cancer cells, both membranous and cytoplasmic expression was lost. We did not observe any cancer cells with more cytoplasmic expression than membranous expression, or cells with only membranous loss of expression, a pattern would indicate mislocalization of e-cadherin.

E-cadherin Expression and Clinicopathologic Variables {#S10}
-----------------------------------------------------

The association of e-cadherin expression with clinicopathologic characteristics is summarized in [Table 1](#T1){ref-type="table"}. Poorly differentiated pancreatic cancers were more likely to have loss of e-cadherin expression than were well and moderately differentiated cancer (p=0.007, Chi-square test). When we stratified loss of expression and differentiation separately into partial and total loss of e-cadherin, there was a significant association between tumor differentiation and the extent of e-cadherin loss (p=0.02) ([Table 1](#T1){ref-type="table"}). Considering only cancers with intact e-cadherin vs. those with partial loss, we found that cancers with partial loss of e-cadherin were more likely to be poorly differentiated (p=0.01).

There was no association between e-cadherin expression and other clinicopathologic factors, including gender, ethnicity, age (\<60 versus ≥60 years), pT classification, lymph node metastasis, microscopic vascular invasion, perineural invasion, or adjuvant therapy.

Histology of pancreatic cancer cells lacking E-Cadherin Expression {#S11}
------------------------------------------------------------------

Since cells with loss of e-cadherin expression are often non-cohesive, we classified pancreatic ductal adenocarcinoma cells lacking e-cadherin expression as "gland-forming" or "non-gland-forming". Note, this classification is distinct from our previous study in which we classified the overall differentiation of a pancreatic cancer as undifferentiated (non-cohesive or non-gland forming) or differentiated (cohesive or gland-forming) [@R20]. None of the pancreatic cancers in the current series were undifferentiated; instead, our 329 pancreatic ductal adenocarcinomas all had varying degrees of gland-forming foci. However, many well-and moderately-differentiated pancreatic cancers had foci of isolated non-gland-forming cancer cells. We classified pancreatic cancer cells with loss of e-cadherin as "gland-forming" if they formed glands or "non-gland-forming" if they existed as single or scattered clusters of cancer cells that did not form cancer glands. Representative images of gland-forming and non-gland-forming foci are depicted in [Figure 2](#F2){ref-type="fig"}.

Of 134 cases with partial loss of e-cadherin, 128 contained some non-gland-forming cells and all 134 cases had at least some gland-forming elements. The association of tumor differentiation and the morphology of cells with e-cadherin loss of expression (gland-forming or non-gland-forming cells) are summarized in [Supplemental Table 1](#SD1){ref-type="supplementary-material"}. Among the 128 cases with non-gland-forming/single cancer cells, loss of e-cadherin was more frequently observed in poorly differentiated cancers (85%, 58/68 cases) compared to well or moderately-differentiated cancers (48%, 29/60 cases, p\<0.0001). Within gland-forming regions, loss of e-cadherin was more common in well to moderately-differentiated adenocarcinomas (89%, 58/65 cases) than in poorly-differentiated tumors (73%, 51/69 cases, p=0.03). These data indicate that although e-cadherin loss is more common in poorly-differentiated cancers, loss of e-cadherin expression is also often evident in cells that retain glandular features.

Patient' Survival and E-cadherin expression {#S12}
-------------------------------------------

We compared patient survival to e-cadherin expression classified as either intact vs. any loss of expression. The median survival for patients with intact e-cadherin cancer labeling was 18.5 months (5-year survival rate, 18%) whereas for those with any loss of tumoral e-cadherin labeling, it was only 12.1 months (5-year survival rate, 10%, p=0.005, log-rank test; [Figure 3A](#F3){ref-type="fig"}).

We next compared pancreatic cancers classified as intact e-cadherin expression, partial e-cadherin loss and total e-cadherin loss and found there was a significant difference in survival among these 3 groups (p=0.002, log-rank test, overall comparison). The median survival for patients with intact e-cadherin labeling (5-year survival rate, 18%; n=188) was 18.5 months, for patients with partial e-cadherin loss (5-year survival rate, 10%; n=134), 12.7 months, and for those with total e-cadherin loss (5-year survival rate, 0%; n=7), 5.5 months. When compared in a pair-wise manner, there was a statistically significant survival difference between patients whose cancers that had intact e-cadherin labeling versus those with partial e-cadherin loss (p=0.009), and between those with intact e-cadherin labeling versus those with total e--cadherin loss (p=0.005).

Although the numbers of pancreatic cancers with total e-cadherin loss in our series was small (n=7), there was a trend towards statistical significance between patients whose cancers had partial versus those with total e-cadherin loss (p=0.07; [Figure 3B](#F3){ref-type="fig"}). In order to further determine if the extent of e-cadherin loss portends a worse patient survival, we subdivided pancreatic cancers with partial e-cadherin loss (6--99% of cells expressing e-cadherin) into those with focal (6--50% of cells expressing e-cadherin) and diffuse loss (51--99% of cells expressing e-cadherin). The median survival among patients with cancers with focal e-cadherin loss (n=99) was 14.3 months, while those that had diffuse e-cadherin loss (n=35) was 10.6 months (p=0.13). Because loss of e-cadherin is associated with differentiation of pancreatic cancer, we performed subgroup analysis based on e-cadherin expression (intact versus partial loss of e-cadherin) and differentiation (well or moderately differentiated cancer) of pancreatic cancer. In poorly differentiated carcinomas, there is a significant survival difference between patients with intact (median survival, 15.1 months) and those with partial loss of e-cadherin cancer labeling (median survival, 10.8 months, p=0.02, [Figure 3C](#F3){ref-type="fig"}). However, in well to moderately differentiated carcinomas, no statistical difference present between patients with intact (median survival, 21.9 months) and those with partial loss of e-cadherin cancer labeling (median survival, 19.0 months, p=0.29, [Figure 3D](#F3){ref-type="fig"}).

We also determined if there was any relationship between the intensity of e-cadherin labeling and survival. The median survival for patients with pancreatic cancers with strong labeling for e-cadherin (n=136) and those with weak labeling of e-cadherin (n=187) was 18.4 months and 15.1 months, respectively. No significant survival difference was observed among patients whose cancers had strong vs. weak intensity of e-cadherin labeling (p=0.13).

Based on these results our multivariate model classified e-cadherin expression of pancreatic cancer cells into 3 groups (intact expression, partial loss and total loss).

Univariate Analysis for Other Clinicopathologic Factors {#S13}
-------------------------------------------------------

By univariate survival analysis, the following clinicopathologic factors were associated with shorter patient survival ([Table 2](#T2){ref-type="table"}): poor tumor differentiation, the presence of lymph node metastasis, the presence of microscopic vascular invasion, positive resection margins and the presence of adjuvant therapy.

Multivariate Analysis {#S14}
---------------------

Multivariate analyses were performed to assess which factors remained independent predictors of survival after adjusting for factors that were significant by univariate analyses. Loss of e-cadherin expression (p\<0.001), poor tumor differentiation (p\<0.001) positive resection margin status (p\<0.001), and having received adjuvant therapy (p\<0.001) were all independently prognostic in our model ([Table 3](#T3){ref-type="table"}). The hazard ratio for cancers with partial and total e-cadherin loss was 1.57 (95% confidence interval, 1.18 to 2.09) and 6.34 (95% confidence interval, 2.50 to 16.10), respectively compared with those with intact e-cadherin labeling.

DISCUSSION {#S15}
==========

In this single-institution study we find that among patients undergoing pancreaticoduodenectomy, partial or total loss of e-cadherin expression is an independent predictor of an adverse outcome. When e-cadherin expression loss occurs in primary pancreatic cancer cells, is usually lost in only a small percentage of cells. Interestingly, the prevalence of *CDH1* inactivation by intragenic mutation or DNA methylation in pancreatic adenocarcinomas is much less common [@R26],[@R27],[@R44],[@R45] than the prevalence of focal loss of e-cadherin protein expression observed in this study. Inactivating mutations and DNA methylation-induced silencing of *CDH1* are expected to typically cause diffuse loss of e-cadherin expression throughout the cancer. The number of pancreatic cancers with diffuse loss of e-cadherin in our study was small (\~2%, 7 of 329 cases). We found a trend indicating that pancreatic cancers with complete loss of e-cadherin had a poorer prognosis (p=0.07), consistent with previous investigators who have found that pancreatic cancers with complete loss of e-cadherin is associated with a poor prognosis [@R20],[@R21]. Previous studies that have evaluated the prognostic significance of e-cadherin loss in pancreatic and other cancers [@R22],[@R46]--[@R49] (and reviewed in Ref[@R50]) have generally dichotomized cancers into those with intact/lost e-cadherin expression, rather than evaluating the significance of focal e-cadherin loss. For example, our group has previously found that undifferentiated pancreatic cancer cells often show complete loss of e-cadherin [@R20],[@R21]. Our finding that focal loss of e-cadherin is common and has prognostic significance indicates that the mechanisms responsible for focal loss within a subset of infiltrating pancreatic adenocarcinoma cells are likely to be biologically significant. Epigenetic inactivation of *CDH1* in cultured cells is unstable [@R51] and so epigenetic mechanisms could be responsible for this focal loss within a primary infiltrating adenocarcinoma. Given the focal nature of the loss of e-cadherin expression in many pancreatic cancers, it is plausible that local environmental factors could suppress e-cadherin expression by transcriptional repression or by other mechanisms [@R52],[@R53] [@R54]. For example, hypoxia and local inflammatory changes mediated by tumor-stromal interactions have been shown to induce signaling changes that can affect the expression of transcriptional repressors of e-cadherin [@R39].

Consistent with previous studies we did find that loss of e-cadherin was more common in poorly differentiated pancreatic adenocarcinomas [@R25],[@R55]--[@R57]. However, we also found partial e-cadherin loss in pancreatic cancers that were not classified as poorly differentiated and often found loss of expression in both gland-forming and non-gland-forming cells of the invasive pancreatic adenocarcinomas. Subgroup analysis indicated that it was in the group of patients with poorly differentiated cancers that e-cadherin expression status had additional prognostic value. These observations indicate that e-cadherin has independent prognostic value beyond classification by tumor grade. In addition, the finding of loss of e-cadherin in gland-forming cancer cells suggests that upregulation of other adhesion molecules may occur to compensate for loss of e-cadherin in these cells.

Although the patients all underwent a similar pancreaticoduodenectomy and postoperative care at one institution for their pancreatic cancer, they did not all undergo the same treatment postoperatively. However, our patients were selected and analyzed for e-cadherin status without regard to their postoperative treatment and the effect of e-cadherin status remained prognostically significant even after adjustment for adjuvant chemotherapy.

Currently, prognostic markers have limited utility for most patients with pancreatic ductal adenocarcinoma given the overall poor outcome for patients with this disease. However, there are a number of therapeutic agents that have shown some promise in clinical trials [@R58] and prognostic markers should still be evaluated so they are available for further evaluation when the clinical setting is appropriate. Our results indicate that including e-cadherin expression status in the evaluation of pancreatic adenocarcinomas may better predict patient survival following surgical resection.

In summary, we find that partial loss of e-cadherin in primary pancreatic ductal adenocarcinomas is an independent predictor of an adverse outcome among patients undergoing pancreaticoduodenectomy.
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======================
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![Representative images of e-cadherin labeling of normal pancreas and pancreatic ductal adenocarcinoma.\
**A)** Normal acinar and ductal cells label e-cadherin. Pancreatic ductal adenocarcinomas with **B)** Intact e-cadherin labeling, **C)** Partial e-cadherin loss. Approximately 30% of cancer cells show intact membranous e-cadherin labeling, **D)** Complete loss of e-cadherin.](nihms267738f1){#F1}

![Representative images of e-cadherin labeling in gland-forming and non-gland-forming pancreatic ductal adenocarcinomas. **A--B)** Gland-forming cells, **A)** Intact e-cadherin labeling in gland-forming cells **B)** e-cadherin labeling loss in gland-forming cells. **C--D)** Non-gland-forming cells, **C)** Intact e-cadherin labeling in non-gland-forming cells. **D)** e-cadherin loss in non-gland-forming cells.](nihms267738f2){#F2}

![Kaplan-Meyer survival curves in pancreatic ductal adenocarcinoma patients with e-cadherin expression according to **A)** Patient survival according to e-cadherin expression classified as on intact vs. any loss of expression. The median survival for patients with intact e-cadherin labeling was 18.5 months, and the median survival for those with loss of e-cadherin labeling was 12.1 months (p=0.005, log-rank test). **B)** Patient survival according to e-cadherin expression classified as intact vs. partial loss, vs. total loss of expression. The median survival for patients with intact e-cadherin labeling was 18.5 months. The median survival in patients with partial e-cadherin loss was 12.7 months, while that of total e-cadherin loss was 5.5 months. There was a significant e-cadherin expression difference among 3 groups (p=0.002, log-rank test, overall comparison). When compared in a pair-wise manner, there was a significance survival difference between patients with intact e-cadherin labeling and those with partial e-cadherin loss (p=0.009) and between patients with intact E-cadherin labeling and those with total e--cadherin loss (p=0.005). There was a marginal significance (p=0.07), between patients with partial and total e-cadherin loss. **C--D)** Patient survival according to differentiation (well or moderately differentiated cancer) and e-cadherin expression status. **C)** In poorly differentiated carcinomas, there is a significant survival difference between patients with intact (median survival, 15.1 months) and those with partial loss of e-cadherin cancer labeling (median survival, 10.8 months, p=0.02). **D)** In well to moderately differentiated carcinomas, there was no statistic difference between patients with intact (median survival, 21.9 months) and those with partial loss of e-cadherin cancer labeling (median survival, 19.0 months, p=0.29).](nihms267738f3){#F3}

###### 

E-cadherin expression and association with clinicopathologic characteristics in pancreatic ductal adenocarcinoma patients

  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
                                                                           Intact and loss comparison   Intact, partial and total Loss comparison   Intact and partial loss\                                                                       
                                                                                                                                                    comparison                                                                                     
  ------------------------------------------------------------------ ----- ---------------------------- ------------------------------------------- --------------------------------------- ----- ----- --- -------------------------------------- --------------------------------------
  Differentiation                                                                                                                                   0.007[\*](#TFN1){ref-type="table-fn"}                   0.02[\*](#TFN1){ref-type="table-fn"}   0.01[\*](#TFN1){ref-type="table-fn"}

    Well/Moderate                                                    183   116                          67                                                                                  116   65    2                                          

    Poor                                                             146   72                           74                                                                                  72    69    5                                          

  pT classification                                                                                                                                 0.63                                                    0.54                                   0.74

    pT1                                                              3     2                            1                                                                                   2     1     0                                          

    pT2                                                              8     6                            2                                                                                   6     2     0                                          

    pT3                                                              309   176                          133                                                                                 176   127   6                                          

    pT4                                                              9     4                            5                                                                                   4     4     1                                          

  Lymph node metastasis                                                                                                                             0.26                                                    0.33                                   0.19

    pN0                                                              46    30                           16                                                                                  30    16    0                                          

    pN1                                                              283   158                          125                                                                                 158   118   7                                          

  Microscopic vascular invasion [\*\*](#TFN2){ref-type="table-fn"}                                                                                  0.87                                                    0.55                                   0.53

    Absent                                                           153   87                           66                                                                                  87    64    2                                          

    Present                                                          159   89                           70                                                                                  89    65    5                                          

  Perineural invasion[†](#TFN3){ref-type="table-fn"}                                                                                                0.24                                                    0.3                                    0.13

    Absent                                                           26    12                           14                                                                                  12    14    0                                          

    Present                                                          307   187                          120                                                                                 187   113   7                                          

  Adjuvant therapy                                                                                                                                  0.84                                                    0.84                                   0.78

  Absent                                                             156   90                           66                                                                                  90    62    4                                          

  Present                                                            173   98                           75                                                                                  98    72    3                                          
  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Significant at the level of \<0.05

Excluded 17 cases with unknown vascular invasion status

Excluded 2 cases with unknown perineural invasion

###### 

Univariate analysis of other clinicopathologic factors

  Variable                                                           Case number   Median survival months   95% CI       P-value
  ------------------------------------------------------------------ ------------- ------------------------ ------------ -----------------------------------------
  Differentiation                                                                                                        \<0.001[\*](#TFN4){ref-type="table-fn"}
    Well/ Moderate                                                   183           20.7                     17.2--24.3   
    Poor                                                             146           11.5                     9.7--13.3    
  pT classification                                                                                                      0.59
    pT1                                                              3             17.4                     6.7--28.1    
    pT2                                                              8             20.7                     6.5--34.9    
    pT3                                                              309           16.3                     14.3--18.3   
    pT4                                                              9             10.7                     9.2--12.2    
  Lymph node metastasis                                                                                                  0.03[\*](#TFN4){ref-type="table-fn"}
    pN0                                                              46            20.8                     15.4--26.2   
    pN1                                                              283           15.4                     13.5--17.3   
  Microscopic vascular invasion [\*\*](#TFN5){ref-type="table-fn"}                                                       0.02[\*](#TFN4){ref-type="table-fn"}
    Absent                                                           153           19.3                     16.5--22.0   
    Present                                                          159           14.5                     11.8--17.2   
  Perineural invasion[†](#TFN6){ref-type="table-fn"}                                                                     0.49
    Absent                                                           26            20.8                     11.7--29.8   
    Present                                                          301           15.6                     13.5--17.6   
  Resection margin                                                                                                       \<0.001[\*](#TFN4){ref-type="table-fn"}
    Positive                                                         227           11.3                     8.9--13.8    
    Negative                                                         102           19                       17.4--20.6   
  Adjuvant therapy                                                                                                       \<0.001[\*](#TFN4){ref-type="table-fn"}
    Presence                                                         173           21.7                     17.7--25.7   
    Absence                                                          156           12.2                     10.1--14.3   

Significant at the level of \<0.05

Excluded 17 cases with unknown vascular invasion

Excluded 2 cases with unknown perineural invasion

###### 

Multivariate analysis for prognosis

  Variable                        Relative risk   95% CI        P-value
  ------------------------------- --------------- ------------- -----------------------------------------
  Differentiation                 1.81            1.36--2.41    \<0.001[\*](#TFN7){ref-type="table-fn"}
  E-cadherin expression                                         \<0.001[\*](#TFN7){ref-type="table-fn"}
    Intact                        1               \-            \-
    Partial loss                  1.57            1.18--2.09    0.002[\*](#TFN7){ref-type="table-fn"}
    Total loss                    6.34            2.50--16.10   \<0.001[\*](#TFN7){ref-type="table-fn"}
  Lymph node metastasis           1.28            0.83--1.98    0.26
  Resection margin                1.81            1.34--2.44    \<0.001[\*](#TFN7){ref-type="table-fn"}
  Microscopic vascular invasion   153             0.66--3.57    0.33
  Adjuvant therapy                1.79            1.35--2.37    \<0.001[\*](#TFN7){ref-type="table-fn"}

Significant at the level of \<0.05
